A new antifungal antibiotic, fusarielin A, and three related compounds, fusarielins B, C and D, were obtained from a culture of a Fusarium sp. The skeletal structure and the relative stereochemistry of fusarielin A were determined mainly on the basis of its NMRdata, and the absolute structure was elucidated by using the exciton chirality method and the modified Mosher method. The structures of the other homologues were determined by comparison of their spectral data with those of fusarielin A.
In the course of our studies on antimitotic drugs, we have observed that low concentration of these compounds generally induce deformation of mycelia of Pyricularia oryzae germinated in 0.02% yeast extract solution.
This biological feature was utilized as a screening assay for compounds that interfere with microtubule function. This paper reports on the isolation and structure elucidation of the compound designated as fusarielin A (1) that caused curling of mycelia of P.
oryzae, and of its homologues, fusarielins B (2), C (3) and D (4) (Fig. 1 ).
Isolation and Purification Among about 1 ,000 strains offungi isolated from soils, the culture broth of Fusarium sp. K432 was found to induce "curling" of mycelia of P. oryzae. The fungal strain, was then cultured by standing for 20 days in a potato dextrose mediumat 20°C. The acetone -benzene extract of a 2.9 liters culture was separated by column chromatographies as shown in Fig. 2 , affording 900mg of1, 26mg of2, and a fewmg each of3 and 4. Production of fusarielins by this fungus was temperature-dependent, and they were not produced at 27°C. The yields in shaken cultures were very low even at 20°C.
Physico-chemical Properties
Compounds1~4 were obtained as white powders. They are all readily soluble in various organic solvents. The physico-chemical properties of these compoundsare shown in Table 1 . Their XH NMRand 13C NMRdata are summarized in Tables 2 and 3 , respectively. Signal assignments for 1 were made based on chemical shifts, 'H-^and^-^C COSY, heteronuclear multiple bond 1H-13C correlation spectroscopy (HMBC: Fig. 3 ) and NOESY (Fig. 4) . Signal assignments for compounds 2~4 were made by comparison with the data of fusarielin A
(1).
All the XHand 13C NMRspectra were measured at 50°C, since measurementsat roomtemperature gave poor resolution.
Skeletal Structures and Relative Stereochemistry
Fusarielin A (1), a white powder, has the formula C25H38O4 based on the high resolution FAB mass 3620, 3480, 2970, 1382, 3440,2970, 2850, 1380, 3620, 3480, 2970, 1382, 3625, 3520, 2970, 2925, cm"1 1090, 1060-1000, 1090, 1040-1000 1430, 1030-1010, 1650, 1630, 1450, 1430, 975, 830 978, 840 1380, 1350-1010, 980, 830 spectrum (HRFAB-MS) and elemental analysis. Alignments of vicinal protons and carbons were determined by^^H and^-"C COSYexperiments. Assignments of the signals through four quaternary carbons (at C-4, C-12, C-16 and C-18) were made by HMBCexperiments.
The presence of two hydroxy groups was suggested by the IR spectrum of 1 and was verified by acetylation to give a diacetate 5 (Fig. 5) . The presence of two epoxy groups at the 1 1,12-and 15,16-positions was determined from the molecular formula, the chemical shifts of the XH and 13C NMRsignals of these positions and the relatively large 1JCH values for C-l l (1JC_ll H_ll = 179 Hz) and C-15 (1/C-i5,H-i5= 178Hz) (see Table 2 ). The relative stereochemistry at positions 2 and 3, 4 through 7 and 8 through 17 was elucidated as follows. Treatment of 1 with 7V,7V-carbonyl diimidazole gave a cyclic carbonate 6 bridged between C-l and C-3 (Fig. 5 ). The coupling constant between H-2 and H-3 of 6 was shown to be 10.4Hz, indicating a trans-di&xial relationship of these two protons, and, accordingly, a threo relationship at positions 2 and 3. i^-Orientations of the 4,5 and 6,7-enes were elucidated from the observed NOE between H-6 and H3-22 (Fig. 4) , and a large coupling constant between H-6 and H-7 (15.0Hz).
Regarding the relative stereochemistry of the decalin moiety (on C-8 through C-1 7),7raw.y-diaxial relationships between H-8 and H-9, H-9 and one of H-10 (appearing at (50.99), and H-9 and H-14 were indicated by their coupling constants (1 1.0, 12.0 and 10.8 Hz, respectively).
The H-ll signal (32.91) appeared as a doublet (/= 5.4Hz).^^H COSYshowed no coupling between this proton and H-10axial (appearing at (5 0.99), indicat-ing the relative stereochemistry at the 1 1,12-position to be as shown in Fig. 1 . In this structure, the dihedral angle between H-10axial and H-ll is ca. 90°. Similarly, the H-l 5 signal was seen as a singlet, showing no coupling between H-l4 and H-l5. This suggested that the dihedral angle between H-l4 and H-l5 should be ca. 90°. The stereochemistry at the 17-position was determined from the coupling constant between H-8 and H-17 (5.0Hz), which indicated a syn relationship of these two protons. These data established the relative stereochemistry of the decalin moiety (position 8 through 17). The stereochemistry of the 18,19-ene was elucidated based on the NOEobserved between H-l9 and H-9. Only the is-orientation of this double bond allows to locate H-17 to be located close to H-9. Fusarielin B (2), a white powder, gave a HRFAB-MS spectrum and an elemental analysis consistent with the formula C25H40O5 which formally coincide with monohydration offusarielin A (1). Some differences were seen in the *H and 13C signals of 1 and 2 around the positions ll, 12, suggesting that the ll,12-epoxide present in 1 had been hydrolytically opened to generate a ll,12-diol in 2. This was supported by lower shifts of the H-l1, C-l1 and C-12 signals of2 relative to those of 1 as well as coupling between H-ll and an OHproton.
The relative stereochemistry of the diol moiety was elucidated from the lower shifts of the H-9 and H-l4 signals in the XH NMRspectrum of 2, caused by the 1,3-diaxial relationships between these hydrogens and OH-ll and OH-12, respectively, as well as a W-type coupling observed between H-ll and H-l3. The rest of the structure including the stereochemistry was determined by correlation of 1 with 2 through acidcatalyzed epoxide opening.
Fusarielin C (3), a white powder, has the formula C25H38O3, which is one oxygen atom less than that of 1, based on the HRFAB-MS.The fact that the signals of two olefinic carbons appeared at S 126.0 and 134.4 ppm in the 13C NMRspectrum of3 at the expense of the two epoxide carbon signals (561.8 and 560.2) observed in the spectrum of 1 suggested that one of the epoxy groups present in 1 is replaced by an olefin group in 3. The *H NMRspectrum of3 showed an additional olefinic proton signal at S5.23ppm as a doublet (/=0.4Hz), establishing the location of the double bond at the 15, 16 position.
Fusarielin D (4), a white powder, gave a HRFAB-MS molecular ion corresponding to the formula C25H36O4, which is two hydrogen atoms less than that of 1. Its IR spectrum showing strong bands at 1650cm"1 and JAN. 1995 1630cm x and the UVspectrum, showing a maximum at 281nm (£=13,200), indicated the presence of a conjugated dienone group. This was proved by its NMR spectra (Tables 2, 3 ). In the 13C NMRspectrum of 4, a carbonyl carbon signal appeared at 8 204ppmat the expense of a hydroxylated tertiary carbon ((578.9) observed in the spectrum of 1, and in the XHNMR spectrum of 4, a proton doublet due to H-3 had disappeared and the signals assigned to H-5, H-6 and H-7were shifted to lower fields. These spectral data established the structure of 4. Compounds1~4 are structurally related to compactin (ML-236B)1}, betaenones2), nargenicin Ax3) and some other polyketide compounds which possess a functionalized decalin moiety in their structures. The XHNMRspectrum of 9 showed NOEbetween H-3 and H-5, indicating that the two hydrogens are oriented in a syn relationship in solution. The CD spectrum (MeOH)of 9 showed well-split intense Cotton effects, Ae2Ar9 +A1.6 and Ae2?>1 -40.6 (Fig. 6) , indicating that the projection of the two chromophores, the /7-bromobenzoyl group at C-3 and the diene (C-4 through C-7), should be clockwise. These two results allowed us to assign the S configuration for C-3. Similarly, the CD spectrum (MeOH)of ll showed well-split intense Cotton effects, Ae24.8 +66.6 and Ae230 -24.1 (Fig. 7) , indicating the projection of the two chromophores, the pbromobenzoyl group at C-ll and the diene moiety, to be clockwise, and hence the S configuration at C-8 was Biological Activity Fusarielin A (1) showed a narrow antifungal spectrum (Table 4) , and its cytotoxicity against HeLa S3 and NCI-H69 cells was rather weak. TheTC50 values were 54.6fiM and 48.6/im, respectively. This compound did not inhibit the assembly of microtubule protein prepared from porcine brain even at 200/^m concentration.
Fusarielin B (2) had no inhibitory activity on the growth JAN. 1995 Tables 1, 2 Fusarielin B Isopropylidene Acetal (8) To compound 2 (21mg; 50jum) in dry acetone (l ml) was added 2,2-dimethoxypropane (200/d) and ptoluenesulfonic acid (1 mg) and the whole was stirred at room temperature for a few minutes. After neutralization of the reaction mixture with aq.NaHCO3, water was added to the mixture which was extracted with benzene. After evaporation of solvent, the residue waschromatographed on a silica gel column to give 8 (21mg). C28H44O5; FAB-MS 483 (M+Na+).
/?-Bromobenzoyl Ester of Fusarielin A Pivaloate (9) To pivaloate 7 (3.5mg; 7.2fiM) in pyridine was added />-bromobenzoyl chrolide (3.5 mg; 16^m) and dimethylamino pyridine (0.1 mg). The whole was stirred at room temperature overnight. After neutralization of the reaction mixture with aq. NaHCO3, water was added to the mixture which was then extracted with benzene. After evaporation of the solvent, the residue was chromatographed on a silica gel column to give 9. C37H49O6Br; FAB-MS 693 (M+Na+); XH NMR (DMSO-d6, 50°C) 0.90 (3H, d, H-21), 0.97 (1H, dd, H-10), 1.12 (12H, s, H-24, CH3-piva), 1.22 (1H, m, H-9) MTPAEsters of Fusarielin A Pivaloate (10) To pivaloate 7 (3.5mg; 7.2^m) in pyridine (40/^1) was added 0R)-MTPA chrolide or (S)-MTPA chrolide (5 /d; 20fiM). The whole was stirred at room temperature overnight. After neutralization of the reaction mixture with aq. NaHCO3,water was added to the mixture which was then extracted with benzene. After evaporation of the solvent, the residue was chromatographed on a silica gel column and HPLC(Sensyu aquasil SS, eluted with 3.5% isopropanol -n-hexane) to give MTPAesters 10
